SUMMARY A series of twenty-nine patients with cord cavitation were treated by syringoperitoneal shunt. Twenty-two of them showed improvement after operation, five were unchanged and two worsened. Operation was performed in patients with post-traumatic cystic myelopathy, idiopathic syringomyelia, intramedullary tumours associated with cysts, and patients who had developed cystic myelopathy in association with spinal arachnoiditis. Pain improved in twenty patients, sensory symptoms and signs in eleven and weakness in ten.
Cord cavitation was first described in 1564' although the aetiology and natural history of the disease is variable. The surgical treatments that have been proposed are also widely varied and include direct syrinx decompression, aspiration of the fluid from the syrinx, and syringostomy. Gardner2 performed decompression of the hindbrain with closure of the obex and this procedure has been the surgical treatment of choice in many centres for the foramen magnum dysplasia associated with idiopathic syringomyelia. All of these procedures carry a recognisable morbidity and mortality.3 There have been several reports of shunt procedures of various types,4 5 but these have frequently been unsuccessful because of the development of arachnoiditis and shunt malfuntion. 6 The development of microsurgical techniques together with new and improved shunt devices now allows direct drainage to be effectively performed. 6 
Surgical procedure and findings
In most cases a two or three level laminectomy was performed, the patient lying in the prone position under general anaesthesia with the right upper limb abducted, allowing sufficient exposure for insertion of the syringoperitoneal shunt. After exposure of the dura in the midline, the operating microscope was used to facilitate dissection. Attention was directed to preserving the arachnoid membrane which was opened and both edges clipped to the sides of the opened dura. A small, longitudinal midline incision in an avascular area of the spinal cord was made without the use of electrical coagulation between the posterior columns and a Pudenz ventricular catheter was inserted several centimeters into the cavity rostrally. Microsurgical dissection is useful to minimise the damage to the spinal cord and to minimise bleeding into the subarachnoid space which could lead to meningeal irritation and arachnoditis. The dura was closed, fixing the Pudenz catheter in situ using an encircling "Tiller" stitch. Fluid coming from the cavity could be observed within the catheter, the level changing with respiration. An appropriate length of connecting catheter was passed subcutaneously from a right flank incision to the laminectomy site. This was attached to the effluent catheter from the syrinx by a simple metal connector which was then fixed to the side of an intact spinous process at the lower end of the laminectomy incision. After closure of the laminectomy incision, the patient was turned to a supine position with the right 
Results
The average postoperative follow-up period was one year. There was no surgical mortality in this series. sion to the National Hospital and the remainder Gardener2 believed that a disorder in the outflow underwent a syringoperitoneal shunt procedure as tract of the fourth ventricle is central to the the first manoeuvre. All seven patients with a one development of syringomyelia and has advanced his year history or less showed improvement after oper-hydrodynamic theory to explain the progressive ation. Three patients have had a shunt revision, hav-nature of syringomyelia. He postulated that an artering experienced improvement in symptomatology ial pulsatile force from the choroid plexus was followed by relapse. In these cases confirmation of transmitted via the fourth ventricle into the central an expanded cyst was made with CT contrast canal. On the other hand, according to Williams'3 myelography. In one case the upper end was found the distending force in communicating syringto be blocked and in two the lower catheter. Both omyelia is related to movement of cerebrospinal were cleared without difficulty.
fluid and this movement is dependent on intraspinal Taking into account these pathological factors, surgical therapy can only aim at correction of the cerebrospinal pathway. Barnett et al'2 divided syringomyelia into a communicating and non-communicating type and recommended different types of treatment for each. The non-communicating type developed as a late sequela of spinal cord trauma, arachnoiditis or intramedullary tumour. However, it may be difficult to apply this classification satisfactorily since there is often radiological evidence of communication between the cavity and the subarachnoid space in the post-traumatic patient.
Ascertaining whether the cavity is communicating or non-communicating might be less important than assessing the degree of cerebellar ectopia. In our series 14 of 17 patients with post-traumatic cord cavitation improved in contrast to four of seven patients with idiopathic cord cavitation.
On the basis of his hypothesis Gardner'4 proposed exploration of the posterior fossa to remove arachnoidal adhesions and decompression of structures at the foramen magnum in order to promote cerebrospinal fluid flow from the fourth ventricle; and occlusion of the central canal at its origin from the fourth ventricle in an attempt to prevent flow into the central canal and spinal cavity. This procedure has been recognised as an acceptable operation with favourable results; indeed 175 such procedures have been undertaken during the last twenty years at the National Hospitals for Nervous Diseases, but there is, as with most surgery for syringomyelia, some mortality and morbidity;2 '5 also complications and deterioration of symptoms have been reported. Ventriculo-atrial shunting was recommended to relieve the pressure in the cavity by Krayenbuhl '6 who reported improvement in 13 of 22 patients and seven patients who further deteriorated. This treatment he felt should be recommended as a first or additional operative step when hydrocephalus is demonstrated, a view which we have not adopted.
Operative procedures for cord cavitation are designed to drain the fluid from the cavity, divert the flow and prevent pulse pressure in the cavity. Percutaneous syrinx aspiration has been advocated as a possible mode of therapy.'7 18 However, aspiration of the fluid is followed by prompt refilling of the cavity from the ventricular system or subarachnoid space where there is communication.
Gardner'5 advocated a terminal ventriculostomy, which involves opening the central canal at the tip of the conus medullaris. This procedure will not apply in all cases, only to those in which the cavity extends into the tip of the conus medullaris.
Although our understanding of syringomyelia remains imperfect, treatment is still best directed at preventing distension of the cavity. Additionally, the pressure differential between the cavity and surrounding tissues is an important concern.'7 It seems clear that distension of the cavity causes dysfunction of neural tissue. To provide continuous drainage local syringostomy has been performed by many surgeons for some time.6 7 20-24 Numerous materials and methods have been used including gutta percha drain, rubber drains, polythene tubing, cotton wick, silk sutures, tantalum wire sutures4 and silastic wick.25 These materials are mainly used to maintain the patency of the outlet rather than as a conduit for drainage and some are not recommended because possible reactions to them may cause arachnoiditis and shunt malfunction. Faulhauer26 introduced a ventricular catheter into the cavity as a conduit for drainage. As reported by Pitts5 shunt operations showed favourable results, the rate of post operative improvement varying from 20% to 60%.
Simple comparison of the results is difficult because of the differences in surgical indication, surgical technique and the criteria for the evaluation of results. In addition there is the variable natural history of the diseases which often shows long periods of apparent non-progression. In our series 22 of 29 patients (76%) showed neurological improvement after an average one year follow-up period. Subsequent deterioration has been evident in four patients who have shown a later return of symptoms following improvement after shunt, despite radiological demonstration of a collapsed spinal cord and verified functioning shunts. One must, therefore, assume that the process of cystic myelopathy has progressed despite relief of intramedullary pressure. It has, nevertheless, continued to be our policy to confirm shunt function both radiologically with myelography and CT scan and by simple disconnection of the tube at the level of the flank incision or at the lower end of the laminectomy to check the patency of both ends.
Drainage into the subarachnoid space following syringo-subarachnoid shunt is not always free, absorption of fluid from the cavity may be imperfect, and reflux from the subarachnoid space to the syrinx can occur. Eight cases in our series showed subarachnoid block demonstrated by myelography and adhesions between the arachnoid and pia mater which were subsequently confirmed at surgery. In patients with high protein content in the fluid, absorption of cyst fluid is diminished and may result in shunt malfunctions. One of the four patients who had undergone surgery for syringo-subarachnoid shunt previously showed a blocking of the shunt tube by brown inspissated material. The peritoneal cavity on the other hand is capacious and can readily absorb fluid from the syrinx. A low pressure Raimondi catheter prevents reflux and overdrainage which may cause complete collapse of the cord cavity, tending to encourage obstruction of the tube. However, the system is essentially low flow and one must expect to have to revise these shunts periodically, particularly if the cyst fluid protein content is raised.
In those cases with idiopathic cavitation, the results were worse than those of the traumatic cases. All three patients with idiopathic cavitation who remained unchanged or worsened had undergone previous surgery and the duration of symptoms before admission was 6, 16 and 21 years. Prolonged duration of symptoms may be a factor in the subsequent deterioration of these patients.
It is difficult to determine the cause of pain in patients with cord cavitation, signs ranging from pain from cerebellar ectopia, distortion of nerve roots to pain originating from within the cord itself. In our series 20 of the 29 patients showed improvement of pain and in particular, pain of the neck, shoulder and upper limbs in fourteen patients (74%). In these 14 patients cavitation was demostrated by radiography from the cervical to the thoracic spine and all underwent syringo-peritoneal surgery. Six patients were shunted from the cervical cavity and the remainder from the thoracic cavity. Shunting from the thoracic cavity also relieved the pain in the neck, shoulder and upper limbs.27
In conclusion, it would appear that syringoperitoneal shunting is a logical and reasonably effective treatment for cord cavitation of whatever cause. Our results are not dissimilar to those reported by Barbaro et 
